SiC is one of the most promising and studied semiconductor for high voltage, high temperature and high frequency devices due to its exceptional properties like a wide band gap, a high breakdown electric field, a high electron saturation velocity and a high thermal conductivity.
In the 1200 V range, unipolar devices such as Junction Barrier Schottky (JBS) and Vertical Junction Field Effect Transistor ( VJFET) are commercially available and currently used to provide high power converters. For higher voltage (> 3000 V), bipolar devices are needed to preserve reasonably low series resistance. However, fabricating efficient SiC bipolar power devices is quite difficult. Indeed, a positive bias on a P-N junction generates the formation and motion of Shockley Stacking Faults (SFs)
1 . The key to prevent degradation of PiN diodes is to decrease the BPDs density by an 2 improvement of 4H-SiC material quality. Some issues have been proposed on off-cut substrates by different groups [4] [5] [6] and are currently used for the commercial material fabrication.
However, these enhancements reduce the growth parameter windows and lead to increase the density of other defects like carrots or ingrown stacking faults 1 .
On-axis homoepitaxial growth on 4H-SiC substrates has been shown to completely eliminate for a 2 inch on-axis 4H-SiC wafer the replication of the basal plane dislocations from the substrate into the epilayer 7 . In addition, no material will be wasted if the wafers are cut from crystal ingots grown on on-axis seeds. Thus, nominally on-axis material could be another key to the production of reliable SiC bipolar devices. Preliminary results have showed stable forward voltage in bipolar devices made on on-axis epilayers 8, 9 , however the forward voltage was abnormally high (almost 8 V with a current density higher than 100
In this work, we compare PiN diodes fabricated on 8-off and on-axis 4H-SiC substrate characterized by electrical measurement and Photon Emission Microscopy (PEM).
Homoepitaxial growth has been performed in a hot-wall CVD reactor using on-axis and off-axis 4H-SiC substrates. The Si and C sources were silane and propane with a mixture of hydrogen and argon as a carrier gas. Since the in-situ surface preparation and 10 growth processes 7 are different for on-and off-axis homoepitaxial growth, layers on both substrates were grown separately but with a similar N − /P + /P ++ epilayer structure, both in terms of thickness (12 µm / 1 µm / 1 µm) and doping concentrations (5x10 In order to minimize defects in the semiconductor, we decided to perform an ion implantation free structure. The anode periphery has been defined to be an 8 µm depth mesa termination. The process parameters of the fabricated diodes are better described elsewhere 11 . FIG. 1-b exhibits a top view of a diode fabricated for the Photon Emission In contrast, no SF generation has been detected in any of the diodes made on on-axis material characterized by PEM observation whatever the voltage bias (FIG. 3) . The only photo-emission observed in this case is due to the Al level / conduction band transition.
These observations are promising for getting non degenerative PiN diodes. more relevant for a higher current density. Indeed the measured voltage increases at 0.5 ‰ of V t0 at J = 10 A.cm −2 and at 1 ‰ of V t0 at J = 80 A.cm −2 . This phenomenon agrees with the generation and motion of SFs observed by PEM.
As expected, the measured voltage of diodes processed on on-axis material polarized at J = 10 A.cm −2 is stable during the whole experiment since no SF generation has occurred.
Surprisingly, a decrease of the differential resistance is noted for a higher current density, so the static electrical properties are improved during the polarization. Currently we cannot explain from a physical point of view what append in our diodes during the polarization.
In this work, we have compared PiN diode fabricated on 8°-off and on-axis 4H-SiC substrates. We have clearly identified the generation and motion of SFs during a forward voltage bias and characterized a "voltage drift" for diodes processed on off-cut substrate.
In contrast, no degradation occurred for sample fabricated on on-axis substrate and static electrical properties are improved during the operation under high current stress.
In conclusion, this work tends to demonstrate that reliable high breakdown voltage PiN diodes could be achieved by using 4H-SiC on-axis substrate.
